log(t1/2h) = a + [blog(tll2r)] + e (1) where tl/2h and tl/2r represent xenobiotic half-lives for humans and rats, respectively, for an array of different xenobiotics, and e is an error term assumed to be normally distributed with a constant standard deviation, a (1) . This model was derived from a regression analysis of over 100 xenobiotics for which both rat and human half-life values had been reported, and could be simplified to an allometric expression:
where a depends on both a and e. The values for rat half-life used in the former analysis ranged from about 0.02 hr to 1,776 hr. It was additionally reported that the 80% confidence intervals for the predicted human half-lives generally embraced about a 10-fold range of predicted half-life values and that the model accounted for 75% of the variance in the relationship between tl/2h and tl/2r (1) .
In this study, we explored the possibility that accounting for the role ofxenobiotic lipid solubility might provide an improvement in the prediction of human half-life values estimated directly from rat half-life data. The lipid solubility of xenobiotics would be expected to be an important parameter in determining the half-life relationship between rats and humans because the adipose content of humans as a percentage of total body weight is 3-4 times larger than for rats (23% vs. 7%, respectively) (2) . To explore the effect of lipid solubility, we examined the ability of the octanol:water partition coefficient, expressed as log P, to account for some of the variability remaining in the data after use of the simple linear expression in Equation (3) (4) (5) (6) and represented a mix of experimentally determined or calculated values. The influence of the log P of a xenobiotic on the accuracy of its predicted human half-life from rat half-life data was investigated as follows.
We successively explored six different models, ranging from the simple to the complex. The models are listed in Table 1 . Model 1 can be recognized as a first order Taylor series in one variable, log t1/2r. Model 2 is a second order Taylor series in log t1/2r. Model 3 is a first order Taylor series in two variables, log tl/2r and log P. Models 4-6 are second order Taylor series' in two variables, log tl/2r and log P.
Two of the models (Models 1 and 2) were evaluated using both the full data set (n = 127) and the more limited data set (n = 102), which included only those substances for which log P values were available.
Models were evaluated using simple regression analysis. 
Results
Results of the regression analyses and t-test are given in Table 1 . For the models that do not take specific account of log P (Models 1 and 2), it should be noted that the quadratic model is preferred (Model 2). This becomes apparent when comparing the graphs of Models 1 and 2 for the full data set ( Fig. 1), where it can be seen that Model 2 better accomodates xenobiotics with extremely high values of t1/2r1 which also tend to be xenobiotics with extremely large (.6.5) values for log P. Model 3 is a first-order Taylor series in both log tl/2r and log P, and it yields less satisfactory results than Model 2 when applied to the same data set (i.e., the 102 xenobiotics for which log P values were available). For comparative purposes, Model Rat half-life (hr) Figure 2 . Actual human half-lives and human half-life prediction intervals plotted as a function of rat halflives for the fit of Model 2 to the full data set (n = 127). Curves represent the predicted values, the 95% prediction limits, the 90% prediction limits, and the 80% prediction limits.
environments of the body. CL is expected to be inversely related to log P for compounds principally eliminated by renal or biliary excretion. The CL of substances, dependent solely on biotransformation for elimination, may be less strongly dependent on log P. In any case, the tl/2 for a given species can be expected to be correlated with log P such that tl/2 will generally increase as log P increases. This prediction is evidenced in Figure 4 , which illustrates that both rat and human half-life values show a general trend to increase with increasing log P for the large number of xenobiotics considered in our analysis. On the other hand, this figure demonstrates that log P by itself is a relatively poor predictor of t1/2 for both rats and humans.
Consideration must then be given to how log P affects the relationship between human half-lives and rat half-lives for an array of xenobiotics. From Equation 3, the general relationship between human half-lives and rat half-lives can be written as a function of VD and CL for each species as follows: tl/2h = tll2r (VDh/VDr)(Crl CLh) (4) For a given xenobiotic, the CL ratio can be expected to be at least partly correlated with relative body size (7, 8 , but not systematically affected by log P. Because of a higher adipose fraction in humans (23% for humans vs. 7% for rats), however, the human VD can be expected to increase more with increasing log P than does the rat VD. The VD ratio, and hence the ratio of human to rat half-life, should then be generally larger for xenobiotics with high log P values than low log P values. This is indicated in Figure 4 , where the disparity between rat and human halflives is seen to increase for substances with large log P values. Explicitly accounting for log P can, in fact, improve the accuracy of human half-life predictions from rat half-life data as noted by the improved predictions of both Models 3 and 4 versus Models 1 and 2, respectively, when the same data set (i.e., n = 102) is used. Because rat half-life is at least partially a function of log P (see Fig. 4 2 for equal sample size). This is especially important when predicting human half-lives from rat half-lives for xenobiotics with extremely large log P values (>6.5), where Model 1 (from which the simple allometric expression in Equation 2 is derived) can become inaccurate (see Fig. 1 and Fig. 3A) . Thus, Model 4 should be used whenever log P and rat halflife data are both readily available. In many cases, however, log P values may not be known a priori for the molecule of interest.
Environmental Health Perspectives * Volume 105, Number And for environmental chemicals such as dioxins, polyhalogenated biphenyls, and polyhalogenated dibenzofurans, it is reasonable to assume that log P values may be extremely large. When log P values are not known, we recommend the application of the quadratic equation shown in Model 2 for predicting human half-lives from rat halflives because this model appears to provide accurate predictions over the full range of xenobiotic half-lives likely to be encountered and does so without the need for an explicit value of a xenobiotic's aqueous/lipid partitioning.
